Gunpowder and Explosives 
Introduction 


What if some evil-minded purpose bent on destructive acts reads this page? 
He (or she, to be as inclusive as possible) might make up some of the 
explosive mixtures discussed here and use it to hurt people. Perhaps this 
information should be carefully guarded, with fines and prison sentences for 
those who dare to reveal the secrets. But it is my opinion that evil-minded 
people don't need this information to perform acts of destruction. Guns are 
freely available, the grocery stores are full of poisons (in the automotive and 
household chemical sections, second aisle past the greeting cards, top 
shelf), and gunpowder is sold over the counter anywhere they sell reloading 
supplies. If you are worried about such evil-minded people, rest assured 
that they will find a way to do evil whether or not the information in these 
pages is freely available. If you are such an evil-minded person you will 
probably be bored with these pages unless you happen to be curious about 
the chemistry of your intended deeds. 


Gunpowder 


Gunpowder was invented by Chinese alchemists of the 9th century as a 
mixture of sulfur, charcoal, and saltpeter. It was employed in military 
applications in 10th century China. By the 13th century the secret had 
spread to Islamic Asia where it was used against Europeans. Ever since, 
gunpowder has been a staple of the military and political establishments. 


Consequently the ingredients of gunpowder, especially sulfur and saltpeter, 
have had strategic importance. Sulfur is mined from underground deposits. 
Saltpeter is mined, typically from deposits in caves, where it is leached from 
guano. In fact, salpeter was mined in Virginia during the Civil War and was 
central to the Confederate war effort. However the largest deposits of 
nitrate are in Chile and up until the first decade of the 20th century the 
mining and shipping of Chile saltpeter (sodium nitrate) were of strategic 
interest to the world powers. 


Saltpeter 


Saltpeter, or niter, is the common name for potassium nitrate. Biringuccio 
tels us how to extract it in his Pirotechnia: 


As I told you in the chapter on salts, saltpeter is a mixture composed of 
many substances extracted with fire and water from arid and manurial 
soils, from that growth which exudes from new walls or from that loosened 


soil that is found in tombs or uninhabited caves where the rain cannot 
enter. It is my belief that it is engendered in these soils from an airy 
moisture that is drunk in and absorbed by the earthy dryness... 


Biringuccio goes on to desrcibe a process for extracting saltpeter from this 
“manurial soil," i.e. soil that has formed from human or animal manure. On 
the surface of such soil or in certain caves there will be a white crust on the 
surface of the soil. The important feature of this soil is that it should contain 
organic material which contains nitrogen: chiefly proteins and their 
decomposition product, urea. Bacteria in the soil oxidize these nitrogen 
compounds to a family of nitrate salts: sodium nitrate, potassium nitrate, 
and calcium nitrate, depending on the other minerals present in the soil. 
These nitrate compounds are among the most soluble of all compounds. The 
solubilities of sodium, calcium, and potassium nitrate in boiling water are 
952, 376, and 247 g / 100 mL. That is, boiling water will dissolve more than 
nine times its own weight of sodium nitrate. 


The process for making saltpeter is very similar to that for making potash, 
the chief difference being the starting material. The soluble part of wood 
ash is mostly potassium carbonate and so when we purify it by 
recrystalization, the resulting product is purified potassium carbonate. The 
soluble part of these manurial soils are mostly mixed nitrates. The reason 
for this is that while the original animal waste may have had a wide variety 
of soluble materials, as the water wicked up through the soil and 
evaporated, the less soluble parts fell out of solution as it became more and 
more concentrated. Only the most soluble parts, in this case the nitrates, 
made it to the top of the soil and when the last bit of moisture evaporated, 
they were deposited as a white crust on the surface. 


So the beginning of primitive saltpeter production is to collect this white 
crust leaving behind as much as possible the underlying soil. Of the three 
nitrates present, potassium nitrate is the one we need. To extract it, we use 
a metathesis reaction in much the same way that we have previously 
produced lye: 

Ca(NOs3)2(aq) + K2COs(aq) ----- > CaCO;(s) + 2 KNO3(aq) 


This removes all the calcium as insoluble calcium carbonate leaving mostly 
potassium nitrate and a little sodium and potassium carbonate which can be 
further separated out by repeated recrystalizations in much the same way 
that we produced potash. 


Saltpeter has been mined in Virginia, particularly in the dry caves of the 
Shenendoah valley. Most of the nitrate mined today comes from Chile and is 
called "Chile Saltpeter," which is chiefly sodium nitrate. However, most of 
the nitrate used in explosives and agriculture is today derived from nitrogen 
in the air (see acids). 


Sulfur 


We have seen several compounds of sulfur in the form of the sulfide ores: 
galena, sphalerite, pyrite, and chalcopyrite. But for gunpowder, we need 
elemental sulfur. Sulfur is one of only a few elements found free in nature, 
i.e. as the element rather than as compounds of that element. It is a yellow 
solid with a melting point of about 120 C. It occurs in beds, chiefly in Italy, 
Texas, Louisiana, Java, Japan, and Mexico. Until the turn of the twentieth 
century, 95% of the world production was from Sicily, where it was mined 
in a manner very similar to that of coal. The vast sulfur beds of Texas and 
Louisiana lay beneath layers of quicksand which were impossible to remove 
by conventional methods. In the first decade of the twentieth century, 
Herman Frasch devised a method whereby this sulfur could be drilled 
similar to oil rather than mined similar to coal. A well is drilled into the 
sulfur bed and superheated steam is forced down the well shaft. This steam 
melts the sulfur, which rises up a concentric pipe in the wellshaft. the 
molten sulfur is cooled above ground and returns to the solid form. By 1919, 
American exports of sulfur exceeded the entire sulfur production of Italy. 


Charcoal 


The third ingredient of gunpowder is charcoal. As we have seen, charcoal is 
produced from wood by heating it in a reducing atmoshphere, i.e. one low in 
oxygen. Charcoal is almost prue carbon, but the mechanical properties of 
charcoal, grain size, shape, and structure, depend somewhat on the wood 
used to make it. Willow is the traditional wood of choice, followed by 
grapevine, hazelwood, elder, laurel, and pine cones. 


Charcoal is not the only fuel we can use, however. Anything that burns can 
be used as the fuel in a gunpowder-like explosive. We will make gunpowder 
using either charcoal or sugar. 


Explosives 


When a gas expands suddenly enough as to create a shock wave we have an 
explosion. For example, if you make mead in a glass bottle with the cap 
sealed, the pressure of carbon dioxide will build to the point that the glass 
can no longer contain it. The bottle will explode, sending glass fragments 
and mead everywhere. This may sound like fun but the joke would soon be 
over if someone were injured by this flying glass. 


When people talk about explosives they are usually talking about 
combustion reactions that produce a lot of heat and gas in a short time. The 
explosion comes from the expansion of this gas. So at the heart of chemical 
explosives is a fuel which burns. Lets consider a common fuel which has 


been important in this course: charcoal. Charcoal burns in air according to 
the following reaction: 

C(s) + O2(g) ----- > CO2(g) 

This reaction is indeed energetic. We have seen how hot a charcoal fire can 
get when provided with enough air. But this is not an explosion because 
only the surface of the charcoal burns and it has to wait for fresh air to be 
blown in before the next layer of charcoal can burn. There are two ways we 
can deal with this problem. First, we can grind the charcoal up into a fine 
powder so that as much surface area as possible is exposed. Second, we can 
mix it with a solid oxidizing agent so that the burning charcoal does not 
have to wait for fresh air. Many oxidizing agents could be used but one of 
the best is a compound we have seen before: saltpeter or potassium nitrate. 
Potassium nitrate reacts with charcoal according the the following 
unbalanced equation: 

KNO3(s) + C(s) + S(s) ----- > N2(g) + CO2(g) + K2S(s) 


You will need the balanced redox equation for this project. If we don't get 
the amounts in exactly the right proportions, not only will we waste 
valuable raw materials like saltpeter and sulfur, these excess materials will 
carry away heat from the reaction and so less heat will be available for 
heating the product gases, which will then not expand as quickly. The 
result: less bang for the buck! 


You will use the principles of stoichiometry to answer two important 
questions: 


1. How much fuel do I need to react with 1.00 g of sulfur? 
2. How much saltpeter do I need to react with 1.00 g of sulfur? 


Here the fuel may be charcoal or sugar. The relative amounts will be 
different for these two fuels. Once you have solved these problems, you will 
have your formula for gunpowder. Let's suppose we want to make 
gunpowder from 1 gram of sulfur. How much charcoal and saltpeter would 
we need? 


Ifwe use exactly these proportions and ifthe reaction actually proceeds 
according to our balanced reaction, then all of the sulfur, saltpeter, and 
charcoal will be consumed producing the maximum amounts of heat and 
gas. In other words, the most bang for the buck! In the case of such a 
perfect mixture, very little residue will be left behind. 


Oxidants 


All of the explosives we will discuss require two parts: a fuel and an oxidant. 
Just about anything that burns can act as a fuel: charcoal, alcohol, fuel oil, 
sugar, and even metal powders like aluminum and zinc. There are fewer 


oxidants to choose from. Some of the most popular are saltpeter and 
ammonium nitrate, both manufactured from nitric acid. 


Historically, saltpeter was the oxidant of choice because it was the only 
oxidant (other than air) which people knew about. Explosives which use 
saltpeter as the oxidant tend to be relatively slow burning. That means that 
the combustion takes place in a leasurely few thousanths of a second. While 
this still sounds pretty fast, it is slow enough that if the container has a hole 
or loose plug, it will blow the plug out without destroying the container. If 
the container has a hole, we have a rocket. If the container has a plug, we 
have a gun. In either case it is important that the gun or rocket not be 
destroyed as this would undermine its usefulness. 


So saltpeter-based explosives have been historically used as gunpowders 
and rocket propellants. Their function is simply to produce hot gases to 
propel a projectile. Production of a shock wave is not required. In fact it is 
to be avoided so that the projectile is not destroyed. 


Another popular oxidant is ammonium nitrate, in part because it is sucha 
good oxidant but chiefly because it is such an inexpensive oxidant. It is 
manufactured entirely from nitrogen and oxygen from the air and hydrogen 
from water. Consequently there are virtually no materials to buy. The only 
expenses are the capital invested in the plant and the electricity needed to 
run it. 


Unlike saltpeter-based explosives, those based on ammonium nitrate 
detonate. That is, they consume their fuel in millionths of a second so that 
the entire reaction is complete before the gas has a chance to expand. 
Consequently a shock wave is generated which shatters anything nearby 
including the container. Such explosives cannot be used as propellents or 
gunpowders as they will destroy the rocket, gun, or cannon. The principle 
use of these explosives is in blasting, either for mining or for construction. 


Because ammonium nitrate is so cheap and easy to get (anyplace that sells 
fertilizer), it is attractive for industrial uses 


How To Make Gun Powder The Old 
Fashioned Way in Less Than 30 
Minutes 
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by James Walton 


Would you believe that this powerful propellant, that has changed the world 
as we know it, was made as far back as 142 AD? 


With that knowledge, how about the fact that it took nearly 1200 years for 
us to figure out how to use this technology in a gun. The history of this 
astounding substance is one that is inextricably tied to the human race. 
Imagine the great battles and wars tied to this simple mixture of sulfur, 
carbon and potassium nitrate. Mixed in the right ratios this mix becomes 
gunpowder. 


In this article, we are going to talk about the process of making gunpowder. 


We have just become such a dependent bunch that the process, to most of 
us, seems like some type of magic that only a Merlin could conjure up. So, 
we will lift the veil on gunpowder. 


Related: The Lost Art of Cut Shells 
Gun Powder Formula: 

e 75% Potassium Nitrate 

¢ 15% Charcoal 

e 10% Sulfur 


RECIPE FOR HOMEMADE GUNPOWDER 


Tools: 
e Digital Ounces Scale 
e 2 Glass or Plastic Mixings Containers 
e Plastic spoon 


e Blunt object for smashing potassium nitrite (I used the handle of a 
small tack hammer) 


e Fine mesh sieve 

Ingredients: 
e Potassium Nitrate (Salt Peter) / Stump Remover 
e Activated Charcoal 


e Powdered Sulfur 


TECHNIQUE 


A little safety first before we get into steps and instructions. Sulfur can kill 
you and the gas it gives off when burned can kill you. Potassium nitrite is no 
picnic either, it can damage your vision and poison you if ingested. 
Gunpowder is highly flammable/explosive and could cause you great 
physical harm. 


e Wear eye protection 

e Use gloves 

e Use a dust mask 

e Work in a well-ventilated area 


e Most importantly use common sense 


PROCEED WITH CAUTION! 


How To Make Gun Powder: 
#Step One 


Gather your ingredients and measure them based on the black powder 
formula above. Whether you are making 1lb or 101b the breakdown will be 
the same 75% Potassium Nitrate, 15% Charcoal and 10% Sulfur. 


#Step Two 


Next mill or grind your saltpeter. Most recommend doing this in a ball mill 
but I wanted to do this all by hand to get an idea of how it would work 
without conveniences. 


#Step Three 


Once the potassium is ground add the measured charcoal and sulfur and 
begin to mix the ingredients thoroughly. 


#Step Four 


As you can see in the photo above the mix was not completely smooth so I 
ran it through a mesh sieve to remove and potassium nitrate that had not 
been ground fine enough. This process created a much finer powder and 
helped incorporate the three ingredients. 


#Step Five 


It worked so much better than hand mixing I just ran it through the sieve 


again. You can really see it becoming something at this point. The sieve was 
crucial to this process if you are going to be doing it by hand. The finer the 
sieve the better. 


#Step Six 


The final product looked something like this. I was very happy with the 
consistency achieved in such a short amount of time. This whole process 
may have taken 30 minutes. Most people recommend you run the 
ingredients in a ball mill for 12 hours! That said, their black powder is of a 
superior quality in comparison to what was created here by hand. Still, this 
stuff would get the job done. 


#Step Seven (Optional) 


I folded a small piece of paper in half and laid that on a rock before lighting 
it. Light this stuff from a distance with a torch or a long piece of paper. 
Especially the first time. You will not know how good your black powder is 
and you don’t want to find out by having it scorch your face. 


#Step Eight (Optional) 


If you want to make it more powerful here are two great tips for powering 
up your gunpowder: 


e Add water to the mix and stir it into a paste then allow it to dry. This 
really gets the three powders to mingle thoroughly. 


e Add (isopropyl) alcohol to the mix depending on batch size and this 
will make it really angry when the fire hits it. 


Making gunpowder at home is one of those cheap and easy endeavors that 
will surprise you. It’s also puts you in contact with a process that changed 
the course of history! Just be safe and smart as you are creating a highly 
combustible substance! 


“Making a V-vat entailed using a peg-and-hole construction. The holes were 


made with a hand auger; the pegs by whittling down the end of a log with a 
hatchet and then by trimming with a knife . The frame was then pounded 
together with a wooden mallet . A froe was used to make the side boards. 
Bolts of wood that were straight-grained and well seasoned were the best 
for this purpose. The glut was used as a wedge to split the log base of the 
collecting trough. The trough was then hewn out with a foot adze and 
hatchet. After the hopper was constructed, twigs were laid in the bottom of 
the vat, and then wheat straw was laid on top of the twigs and along the 
side boards to help keep the vat from leaking. 


“Cave dirt was tested for its nitrate potential by the following procedure: A 
footprint or mark was made in the dirt and left for twenty-four hours. If the 
print was scarcely visible by the next day, then the dirt was deemed high in 
niter. 


A mattock was used to break up the cave dirt, and a wooden saltpeter 
paddle was used for digging and scraping The dirt was removed from the 
cave in gunny sacks and poured on top of the twig and straw in the V-vat. 
Buckets of water were then poured over the saltpeter dirt to leach it of its 
nitrate or 'Mother liquor’. The mother liquor (also sometimes called 'beer' 
would run down the sides of the V-vat and into the split-log base and out 
into the collecting trough. A dipper gourd was often used to transfer the 
mother liquor into a container. This same liquor was poured again and 
again over the saltpeter dirt because releaching caused more nitrates to be 
dissolved. According to the old reports, releaching went on until the 
solution was of sufficient density to float an egg. 


"The next step was to combine the mother liquor rich in calcium nitrate with 
wood ashes that contain high amounts of potassium hydroxide. The best 
woodashes for this purpose were made by burning hardwoods such as oak 


and hickory. The mother liquor was either poured directly over the 
woodashes or the woodashes were leached in barrels and the leachate 
directly combined with the mother liquor. Upon combination, a white haze 
could be seen , and this white precipitate (calcium hydroxide or 'curds' as it 
was Called) would slowly sink to the bottom of the barrel. If the solution 
contained an excess of calcium nitrate, the product was termed 'in the 
grease.’ An excess of woodashes produced a condition called ‘in the ley. ' 


The wood ash leachate was poured into the mother liquor until the white 
curds could no longer be seen precipitating out of solution. The remaining 
solution thus contained the still soluble potassium nitrate. This solution was 
dipped out into an apple-butter kettle (or"evaporator'), and a fire started 
under the kettle. Turnip halves were then thrown into the boiling solution to 
help keep it from foaming and to take up the dirty brown color. Oxblood (or 
alum) was also added to the boiling liquid and caused the organic matter to 
rise to the top of the liquid and form a scum which, with continued boiling, 
was constantly ladled off. After a few hours of boiling, the hot liquor was 
poured through cheesecloth in order to filter out the remaining scum and 
organic material. Upon cooling, fine, bitter, needle-shaped crystals of niter 
(potassium nitrate) formed in the liquor. These crystals were then collected 
and dried. Potassium nitrate crystals were far superior to calcium or 
sodium-nitrate crystals because they are non-deliquescent (do not take up 
moisture from the air) and, hence, would not make the gunpowder wet and 
unusable. The nitrate crystals thus obtained had to be further refined and 
purified. This purification procedure was done either by the individual and 
homemade into gunpowder, or it was done after the saltpeter crystals were 
sent to a refinery where the final gunpowder was made." 


